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© According to this invention, part or the whole of elementary Zr as a starting material for producing alloy is 
substituted by ferrozirconium (Zr-Fe alloy) or zircalloy (Zr-Sn alloy) in order to obtain a hydrogen-occlusion alloy 
at a reduced raw material cost and a reduced manufacturing cost, maintaining good operation efficiency, high 
reliability and safety in operation. The alloy Is homogeneous without segregation and. hence, is featured by very 
good properties specific to the hydrogen-occlusion alloy such as amount of hydrogen occlusion, reaction rate 
and electrode reaction efficiency in the electrolyte. Using the alloy obtained by this method, furthermore, it is 
possible to provide a nickel-hydrogen storage cell which has a large electric capacity, can be quickly charged 
and discharged, has a long life and is advantageous in economy. 
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METHOD OF PRODUCING HYDROGEN-STORING ALLOY AND ELECTRODE MAKING USE OF THE ALLOY 
Technical Reld 

The present invention relates to a method of producing a hydrogen-storing alloy which is capable of 
reversibly storing and releasing large quantity of hydrogen, and also to a storage battery electrode making 
5 use of the alloy. 

Background Art 

70 Hitherto, hydrogen-storing alloys of the kinds containing rare earth elements or Zr(Ti) or Mg have been 
known as materials used for storage, holding and transportation of hydrogen, heat pumps, alkali storage 
batteries, and so forth. Among these alloys, alloys of Zr(Ti)-Ni. Zr(Ti)-Fe, Zr(Ti)-V and Zr(Ti>-Sn. as well as 
alloys containing many elements which are based on these alloys with part of elements replaced with other 
element or with addition of another element, are attracting attention because these alloys are superior In 

15 hydrogen storage capacity, reaction speed, hydrogen-dissociating equilibrium pressure, safety in terms of 
flammability in air, and electrochemical hydrogen storage and release characteristics. More specifically, Zr- 
containing Lavas-phase alloys (ABz type alloy: A and 8 representing different elements) are suitable for 
practical use because they can safely store and release large quantity of hydrogen. 

In general, this type of hydrogen-storing alloy is produced by a process which utilizes single substance 

20 of Zr or V as the starting material. More specifically, the single substance of the metal as one of the starting 
material is placed at a predetermined atomic ratio in an aluminum crucible or a water-cooled copper 
crucible and is directly melted to synthesize the hydrogen-storing alloy in the crucible by placing the 
crucible in a high-frequency induction heating surface, high-temperature resistance heating oven or an arc 
melting surface. 

25 When single substance of Zr or V Is molten as one of the starting materials, the alloy composition tends 
to deviate from the expected composition due to such reason that such substance In molten state reacts 
with the metal of the crucible or due to difference in vapor pressure of such substance from those of other 
elements at high temperature. It is therefore difficult to obtain homogeneous excellent alloy having the 
aimed composition. In addition, production of single substance of Zr or V requires a complicated refining 

30 process so that the prices of such substances are relatively high. Furthermore, handling of such substances 
has to be conducted with care to ensure safety, because these single substances generate toxic vapors. 
Thus, from the view points of practicality, economy and safety, it has been desired that no single substance 
of Z or V is used in the production of Zr- or V-type alloys. 

Hydrogen-storing alloys produced by processes which do not rely upon single substance of Zr or V are 

35 practical in viev/ of both characteristics and cost and. hence, are expected to be promising as materials of 
electrodes of nickel-hydrogen storage batteries. 

Disclosure of the Invention 

40 

An object of the present invention is to provide a hydrogen-storing alloy which can be produced at low 
cost with high degrees of reliability and reproducibility and which exhibits superior hydrogenatipn charac- 
teristis, as well as a storage battery electrode making use of the alloy, thereby overcoming the above- 
described problems encountered with the production of Zr- or V-containing hydrogen storing alloy. 

45 The production method according to the present invention makes use of commercially available 
ferrozirconium (Zr-Fe) alley and zircalloy (Zr-Sn alloy) in place of single substance of Zr and ferrovanadium 
in place of single substance of vanadium, whereby a hydrogen-storing alloy can be produced with reduced 
material and production costs, high efficiency, reliability and safety in the production. The thus produced 
hydrogen-storing alloy is homogeneous without segregation and, therefore, is excellent in properties such 

50 as hydrogen storage capacity, reaction speed, electrochemical hydrogen storage/release characteristics in 
an electrolyte, electrode reaction efficiency, and so forth. 

When ferrozirconium, zircalloy and ferrovanadium cannot provide exactly an aimed alloy composition, 
the present invention does not exclude the use of single substance of the metals so as to adjust the 
composition thereby enabling production of an alloy exactly having the aimed composition, thus attaining an 
equivalent effect. The method of the invention provides a stable quality of the product v/ithout substantial 
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fluctuation between lots, as well as high degree of homogeneity of the product alloy, while ensuring high 
reproducibility of storage and discharge of hydrogen, as well as reliability. Furthermore, the costs are 
reduced and occurrence of toxic vapors is prevented. It is also to be pointed out that the product alloy 
exhibits superior anti-oxidation characteristics. 

The present invention is effective v/hen applied to the production of a hydrogen-storing alloy, in 
particular to an alloy expressed by a general formula ABa [where, A represents one kind selected from the 
group consisting of: a single substance of Zr; a single substance of Ti; and Zr and at least one selected 
from the group consisting of Ti, Hf, Ta. Y. Ca. Mg, La. Ce. Pr. Mm. Nb. Nd. Mo. Al and SI. B represents one 
kind selected from the group consisting of: a single substance of Fe; Fe, V and at least one selected from 
the group consisting of Ni. Cr. Mn. Co, Cu. Zn, Al. Si. Nb, Mo, W. Mg. Ca, Y, Ta, Pd. Ag, Au. Cd. In. Sn. Bi. 
La. Ce, Pr. Nd. Th. Sm and Mm (Me represents a mixture of rare earth elements): and Fe and at least one 
selected from the group consisting of Ni, Cr. Mn. Co. Cu. Zn, Al, Si, Nb, Mo, W. Mg. Ca. Y. Ta, Pd. Ag. Au. 
Cd, In, Sn. Bi, La, Ce, Pr, Nd, Th. Sm and Mm. o represents a value of from 1.5 to 2.5. A and B are 
elements different each other or of different compositions. Alternatively. B represents one kind selected 
from the group consisting of: a single substance of Sn; and Sn and at least one selected from the group 
consisting of V, Ni, Cr. Mn. Co, Cu. Zn. Al, Si. Nb. Mo. W, Mg. Ca. Y. Ta. Pd. Ag, Au. Cd. In, Bi. La. Ce. Pr, 
Nd, Th, Sm and Mm (Mm represents a mixture of rare earth elements); a being a value of from 1 .5 to 2.5; A 
and B being different elements each other or of different compositions], wherein the alloy phase substan- 
tially belongs to Lavas phase of inter-metallic compound with a crystalline structure of hexagon-symmetrical 
CI4 type having crystalline lattice constants of a = 4.8 to 5.2 and c = 7,9 to 8.3 and/or cubic-symmetrical 
CI5 type having crystalline lattice constant of a = 6.92 to 7.70. 

. The advantage of the invention is remarkable particularly also when the alloy produced by the above- 
described method is used as the material of a hydrogen-storing electrode of a Ni-hydrogen storage battery. 

Brief Description of the Drawings 

Fig. 1 is a diagram showing discharge cycle life characteristic of half cells having hydrogen-storing 

electrodes as an embodiment of the present invention; and 
Fig. 2 is a diagram showing discharge cycle life characteristic of batteries having negative electrodes 

made of various examples of the alloy produced by the method of the present invention. 

The Best Mode for Carrying Out the Invention 

In the drawings showing examples of the invention, the number (No.) of batteries represents that the 
alloy of the corresponding No. in Tables in the specification is used as the electrode material. (Example 1) 

Table 1 shows compositions and price ratio of a single substance of zirconium (Zr) and ferrozirconium 
alloys which are used as starting materials in the method of the present invention. As will be seen from 
Table 1 . single substance of zirconium metal has a price per unit weight which is about 2 to 7 times as high 
that of ferrozirconiums. For instance, the ferrozirconium 1 shown in Table 1 is about 1/5 in price as 
compared with pure Zr and has a Zr content of as high as 80%. 
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Table 1 



5 




Zr 

(%, 
Min, ) 


Fe 

Max. ) 


Mn 

(%, 
Max. ) 


C 
(%, 

Max. ) 


Price ratio to 
unit weight of Zr 


70 


Zirconium 
(sponge) 


1 


99.8 


0-03 


0.005 


0.01 


1 




Zirconium 
(sponge) 


2 


99.5 


0.1 


0.01 


0 .03 


0.61 


75 


Zirconium 
(sponge) 


3 


99.0 


0.5 


0.03 


0.05 


0.52 


20 


Ferro- 
zirconium 


1 


80.0 


19.5 


0.2 


0.1 


0.22 


25 


Ferro- 
zirconium 


2 


50.0 


49.2 


0.3 


0,1 


0.15 



Examination by an SEM and a TEM showed that both the-ferrozirconiums 1 and 2 have high degree of 
homogeneity. It was also found that the vapor pressure of these ferrozirconiums in a molten state is about 
1/2 or less that of single substance of 2r. suggesting that deviation of the product composition can be made 
smaller. 

In a conventional method for producing an alloy containing Zr and Fe, in particular alloy of ABor type 
alloy of Laves phase, materials such as electrolytic Iron, mond nickel and so forth are added to the 
expensive zirconium at predetermined rations and the mixture thus obtained were directly melted to form 
the alloy. Thus, the conventional process is costly and requires a complicated product'on process, while 
posing problems such as easy oxidation of single substance of zirconium and lack of uniformity of the 
product alloy structure. These problems, however, can be overcome by the use of ferrozirconiums of the 
type shown in Table 1 . 

The production method of the invention which makes use of a ferrozirconium can be canied out by the 
same procedure as that of a known melting process which employs a high-frequency melting furnace or an 
arc furnace. Zr(Ti)-Fe type alloys of Nos. 1 to 5 shown in Table 5 were mixed at desired composition ratios 
and melted to form alloys. Each of these alloys exhibited higher degree of homogeneity than prior art 
alloys, without causing any segregation. In addition, there was no substantial deviation of composition from 
airned composition. Fluctuation between lots also was confirmed to be small. Hydrogen storing characteris- 
tics such as hydrogen storage capacity, reaction speed and flammability in the air were examined and 
shown in the same Table. It will be seen that these alloys showed large values of hydrogen storage 
capacities and excellent properties such as reaction speed. (Example 2) 

Alloys of compositions of Nos. 6 to 1 1 shown in Table 2 were prepared through the same process as 
Example 1 by selecting, among ABa type alloys, alloys expressed by a general formula of 2saH\yM5, 
{•.vhere a. y and 5 represent atomic rations of Zr. Ni and M satisfying the conditions of a = 0.5 to 1.5, -y = 
0.4 to 2.5 and 5 = 0.01 to 1.8, 7 + 6 = 1.2 to 3.7, while M represents one selected from the group 
consisting of: a single substance of Fe: and Fe and at least one selected from the group consisting of V. 
Mg. Ca, Y, Hf, Nb. Ta. Cr, Mo, W, Mn. Co, Pd. Cu. Ag. Au, Zn. Cd, Al, Si, In, Sn, Bi, La, Ce, Mm, Pr. Nd, Th 
and Sm], which ZraNi^Ma alloys were produced by using, as the starting materials, commercially available 
ferrozirconiums and other elements selected from the group consisting of Zr, Ni, Ti, Hf. Ta, Y, Ca. Mg, La. 
Ce, Mm. Nb, Nd, Sm. Mo, Al. Si. V, Cr. Mn. Fe. Co, Cu. Zn, Si, Nb. Mo. W and Cd. 
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Table 2 



10 



15 



20 



25 



30 



35 



40 



• 

Alloy No. 


Alloy Composition 


Capacity (ral/g) 


1 


ZrFe 


186 


2 


ZrFei.25Vo.3 


245 


3 


• 

Zri.2Feo.2Mno.4Aio.i 


211 


4 


2ro.6Tio.4Feo.6Vo. 8 


238 




5 


ZrCO1.oFeo.3Mno. 3 


268 


6 


ZrVo.2Ni1.4Feo. 4 


2-2 


7 


ZrVo.3Ni1.3Feo. 2 


218 


8 


Zri.1Hfo.lVo.6Nil.2Feo. 2 


207 


9 


Zro.6Vo.7Ni1.2Feo.7Mmo. 2 


205 


10 


ZrVo.4Ni1.8Feo.3Mno. 3 


219 


11 


Z rVo . 2Nii . 3Ceo . iCoq . iFe 0 . 2 


200 


12 


ZrV0.2Ni1.4Fe0. 4 


154 


13 


Ti0.3Zro.7Vo.4Ni1.0Feo. 4 


149 


14 


Zro.4Vo.3Ni1.oFeo. 5 


98 


15 


ZrV0.5Nil.3Fe1. 9 


112 



45 



50 



55 



More specifically, the ferrozirconium and other materials were weight and mixed to provide the 
compositions shown in Table 2 and were directly melted in an argon-arc melting furnace (or by a high- 
frequency induction heating furnace maintaining argon or other inert gas atmosphere). Part of each of alloys 
thus obtained was used for alloy analysis for examining atomic composition, crystalline structure, crystalline 
lattice constants and homogeneity, while the remainder was used for measurement of hydrogen 
storage/release characteristics conducted in hydrogen gas [mainly with respect to the measurement of P 
(pressure). C (composition) and T (temperature)] as well as for evaluation of electrochemical performance. 

As results of the analysis, it was confirmed that each of the alloys Nos. 6 to 11 had homogeneous 
structure with alloy phases of CI4 or CIS type Laves phase. The crystalline lattice constants thereof were a 
= 4.8 to 5.2 and c = 7.9 to 8.3 in a case of type CI4 which was hexagonal symmetric phase and other 
crystalline lattice constants were a = 6.92 to 7.70 in a case of the type CIS which was cubic symmetrical 
phase. It was confirmed also that there was no substantial deviation of composition. Hydrogen storage 
capacities of these alloys were measured from ordinary P-C-T characteristics to obtain the results shown in 
Table 2. It will be seen that the storage capacities are greater than those of prior art alloys. Other 
characteristics such as reaction speed also were found to be excellent. 
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AHoys produced by conventional production methods are also shown as Nos. 12 to 15 for the purpose 
of comparison. These alloys showed inferior homogeneity and deviation of composition, and considerably 
smaller values of hydrogen storage capacity though these comparison alloys were of similar type to that of 
the alloys produced by the method of the invention. 

5 Many alloy compositions are obtainable by the production method of the invention in addition to those 
shown in Table 2. Hydrogen-storing electrodes were produced v/ith those obtainable alloys but specifically 
remarkable effect was attained with the alloys having alloy phases substantially belongs to Lavas phase of 
intermetailic compound with a crystalline structure of hexagon-symmetrical CI4 type having crystalline 
lattice constants of a = 4.8 to 2.5 and c = 7.9 to 8.3 and/or cubic-symmetrical CIS type having crystalline 

TO lattice constant of a = 6.92 to 7.70. 

Thus, the method of the invention for producing a hydrogen-storing alloy from a ferrozirconium 
containing Fe and Zr as the starting material was confirmed to be simpler than known methods and to be 
able to provide remarkably higher degree of homogenei^/. as well as superior hydrogen storage, holding 
and transportation characteristics, as compared with alloys produced by conventional method which 

75 employed single substances of Fe and Zr as the starting materials. 

The present inventors compared and evaluated the alloys produced by the method of the invention 
from the viewpoint of hydrogen storage/release capacity, in order to find the optimum composition. 

As a result, the inventors have found that the best results are obtained when the alloy composition falls 
within a range which Is expressed by a general formula of ZraNi7M5. [where a. 7 and 5 represent atomic 

20 ratios of Zr. Ni and M. satisfying the conditions of a = 0.5 to 1.5. 7 = 0.4 to 2.5 and S = 0.01 to 1.8. 7 + B 
= 1.2 to 3.7, while M represents one selected from the group consisting of: a single substance of Fe; and 
fe and at least one selected from the group consisting of v. Mg. Ca. Y, Hf, Nb. Ta. Cr, Mo, W, Mn, Co, Pd, 
Cu, Ag, Au, Zn, Cd. AI. Si. In. Sn, Bi, La. Ce, Mm. Pr, Nd. Th and Sm]. 

Alloys having the atomic ratio S smaller than 0.01 or greater than 1 .8 equally showed somewhat small 

25 values of hydrogen release amounts. Alloys having atomic ratio a smaller than 0.5 showed somewhat 
inferior hydrogen storage capacity, while Alloys having atomic ratio a greater than 1.5 showed compara- 
tively small value of hydrogen release amount Alloys having atomic ratio 7 smaller than 0.4 showed inferior 
durability against repetition of hydrogen storage/release cycles, while alloys having atomic ratio 7 greater 
than 2.5 showed somewhat small value of hydrogen storage capacity. Alloys with values (7 + 5) smaller 

30 than 1.2 and greater than 23.7 respectively showed rather inferior hydrogen release amounts and rather 
inferior hydrogen storage capacities. The reasons of these facts are shown below. The Zr content a is a 
factor which affects particularly the hydrogen storage capacity. The greater the Zr content, the greater the 
hydrogen storage capacity. Zr, hov/ever, forms a stable hydrogen compound and. therefore, exhibits a 
smaller hydrogen release rate and. hence, smaller hydrogen release amount. The Ni content is a factor 

35 which affects particularly the storage/release cycle (durability). The greater the Ni content, the longer the 
life. A too large Ni content, however, tends to reduce hydrogen release capacity. The content 5 of M relates 
specifically to the storage/release cycle and the discharge pressure. Both the storage/release cycle and the 
release pressure were improved by an increase in the M content, but the hydrogen storage capacity was 
reduced as a result of the increase in the M content. It was also confirmed that the use of Fe as an 

40 essential element provides higher meltability and homogeneity of alloys, as well as industrial and economi- 
cal advantages due to its low price. 

Hydrogen-storing negative electrodes of alkali storage battery were produced by the alloys of the 
invention. The alloys having a composition expressed by the above-mentioned general formula of ZraNi7M5 
showed specifically large electric storage capacity values, as shown in Table 3. 

45 



so 



55 
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Table 3 



5 


Alloy No. 


Alloy Composition 


after 10 cycles 

(mAh/q) 


10 


m 

16 


ZrNii.4Feo.6 


346 


17 


ZrNi1.3Feo.25Vo. 3 


345 




18 


Zr1.2Ni1.2Feo.2MnO. 5 


341 


75 


19 


Zro.6Nil.2Feo.6Vo, 8 


338 



20 


ZrNi1.oFeo.3Mno. 3 


368 


21 


ZrNii . 3Ceo . iCoo . iFeo , 2 


338 



(Example 3) 

Table 4 shows compositions and price ratio of a single substance of zirconium (2r) and zircalfoys which are 
used as starting materials in the method of the present invention. As will be seen from Table 4, single 
substance of zirconium metal has a price per unit weight which is about 3 to 8 times as high that of 
zircalloys. For instance, the zircalloy 1 shown in Table 1 is about 1/7 in price as compared with pure 2r and 
yet the 2r content is as high as 98%, 
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Table 4 



5 




Zr 
(%, 


Sn 
(%, 


Fe 
(%, 


Cr 
(%, 


Price ratio to 
unit weight of Zr 


70 


Zirconium 

X I sponge J 


99.8 


0.005 


0.03 


0.05 


1 




Zirconium 
z \ sponye j 


99.5 


0.01 


0.1 


0.07 


0.61 


75 
















Zirconium 

* 


99,0 


0.04 


0.5 


0.17 


0.52 


20 


Zircalloy 
1 (bulk) 


98.1 


1.4 


0.1 


0.1 


0.15 


25 


Zircalloy 
2 (bulk) 


90.0 


5.2 


1.4 


1.2 


0.12 



Further, the examination thereof showed that both the zircalloys 1 and 2 have high degree of 
homogeneity. It was also found that the vapor pressure of these zircalloys when molten is lower than that of 
single substance of Zr, suggesting that deviation of the product composition can be made smaller. 

In the conventional method for producing an alloy containing Zr and Sn, in particular alloys of ABa type 
alloy of Laves phase, materials such as electrolytic iron, mond nickel, single substance of Sn and so forth 
are added to the expensive zirconium at a predetermined ratio and the mixture thus obtained were directly 
melted to form the alloy. Thus, the conventional process is high in cost and requires a complicated 

35 production process, while posing problems such as easy oxidation of single substance of zirconium and 
lack of uniformity of the product alloy structure. These problems, however, can be overcome by the use of 
zircalloys of the type shown in Table 4. 

The production method of the invention which makes use of a zircalloy can be carried out by the same 
procedure as that of a known melting process which employs a high-frequency melting furnace or an arc 

^0 furnace. Zr(Ti)-M type alloys (M being Sn and at least one selected from the group consisting of Fe, V, Mg, 
Ca. Y, HI. Nb. Ta. Cr. Mo, W. Mn. Co. Pd, Cu. Ag, Au. Zn, Cd, AI. Si, In, Bi, La. Ce. Mm. Pr, Nd, Th and 
Sm) of Nos. 22 to 26 shown in Table 5 were dispensed at desired composition ratios and melted to form 
alloys. Each of these alloys exhibited higher degree of homogeneity than prior art alloys, without suffering 
any segregation. In addition, there was no substantial deviation of composition from aimed composition. 
Ructuation between lots also as confirmed to be small. Hydrogen storing characteristics such as hydrogen 
storage capacity, reaction speed and flammability in the air were examined and shown in the same Table. It 
will be seen that these alloys showed large values of hydrogen storage capacity and excellent properties 
such as reaction speed. (Example 4) 

Alloys of compositions of Nos. 27 to 32 shown in Table 5 were prepared by the same process as 

50 example 3, selecting, among ABa type alloys, alloys expressed by a general formula of ZrQNi7M5, [where 
a, 7 and 6 represent atomic rations of Zr. Hi and M. satisfying the conditions of a = 0.5 to 1.5. 7 = 0.4 to 
2.5 and 5 = 0.01 to 1.8. 7 + 5 = 1.2 to 3,7. while M represents one selected from the group consisting of: 
a single substance of Sn; and Sn and at least one selected from the group consisting of Fe. V. Mg, Ca, Y. 
Hf, Nb. Ta. cr. Mo, W, Mn, Co, Pd. Cu. Ag. Au. Zn, Cd. AI, Si, In, Bi, U. Ce. Mm, Pr, Nd. Th and Sm], using 

55 as the starting materials, commercially available zircalloys and other elements such as Zr. Ni, Ti, Hf, Ta. Y. 
Ca, Mg. U, Ce, Mm. Nb. Nd. Sm. Mo. AI, Si, V, Cr. Mn, Fe. Co. Cu. Zn, Si. Nb, Mo. W and Cd. 
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Table 5 



5 


Alloy No. 


Alloy Composition 


Hydrogen-Storage 
Capacity (ml/g) 




22 


ZrSnn 


384 


10 


23 


ZrSnn '7«;Vi "x 


w ^t «J 




24 




•J ^ X 


15 


25 


Zrn fiTin oSnn <;Vnn o 


337 


26 








27 




9 R 9 
^ D w& 


20 


28 


ZrSnn iVn -jNii -^Fen 1 


^ ^ 0 




29 


^^^^ X . X'"''- u,x»-'^*U«2vo. 5*-^-^l . 2 


^ *3 X 


25 


30 


Zr*n cTin nSnn oNii eMmrk 






31 


ZrSnn 1 Vn viNii iMnn -a 


204 

U *3 


30 


32 


ZrSnn 9Nii "^Cen iCon ^ 


223 

4« mm 




33 


ZrSno.iVo.3Nii. 5 


162 


35 


34 


Zro.7Tio,3Sno.3Vo.7Nii.o 


150 


35 


ZrSno.2Vo.3Ni1.2Feo. 2 


135 




36 


ZrSno.5Nii,3Fei.g 


122 



40 



More specifically, zircalloys and other materials were weighed and mixed to provide the compositions 
shown in Table 5 and were directly melted in an argon-arc melting furnace (or by a high-frequency 
induction heating fumace maintaining argon or other inert gas atmosphere). Analysis and evaluation 
methods are the same as that explained in connection with ferrozirconium. 

As results of the analysis, it was confirmed that each of the alloys Nos. 27 to 32 shown in Table 5 had 
homogeneous structure with alloy phases of CI4 or CIS type Laves phase. The crystalline lattice constants 
were a = 4.8 to 5.2 and c = 7.9 to 8.3 in a case of type CI4 which was hexagonal symmetric phase and 
the crystalline lattice constant were a = 6.92 to 7.70 in another case of the type CIS which was cubic 
symmetrical phase. It was confirmed also that there was no substantial deviation of composition. Hydrogen 
storage capacities of these alloys were measured from ordinary P-G-T characteristics to obtain the results 
shown in Table 5. It will be seen that the storage capacities are greater than those of known alloys. Other 
characteristics such as reaction speed also were found to be excellent. 

Alloys produced by conventional production methods are also shown in Table S as Nos. 33 to 36 for the 
purpose of comparison. These alloys showed inferior homogeneity and deviation of composition, and 
considerably smaller values of hydrogen storage capacity though these comparison alloys were of similar 
type to that of the alloys produced by the method of the invention. 

Many alloy compositions are obtainable by the production method of the invention In addition to those 
shown in Table 5. Hydrogen-storing electrodes were produced with those obtainable alloys but specifically 
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Table 6 



Alloy 

No. 


Alloy Composition 


Amount of Discharge 
after 10 cycles (mAh/g) 


37 


ZrSno,4Nii g 


334 


38 


ZrSno.25Ni1.3Vo. 3 


328 


39 


Zr1.2Sno.2Ni1.2Mno. 5 


343 


40 


Zro.9Sno,iNii,2Feo,3Vo,8 


326 


41 


ZrSno.3Ni1.2Cro. 3 


337 


42 


ZrSno.2Nii.3Ceo.iCoo.i 


312 



20 

(Example 5) 

Table 7 shows compositions and price ratio of a single substance of vanadium (V) and fenrovanadium 
25 alloys which were used as starting materials in the method of the present invention. As will be seen from 
Table 1. single substance of vanadium metaJ has a price per unit weight which is about 3 to 4 times as high 
that of ferrovanadium. For instance, the ferrovanadium 1 shown in Table 7 is about 1/3 in price as compared 
with pure vanadium and yet the vanadium content is as high as 70%. 

30 Table 7 





V (%. 
min, ) 


Fe (%, 
Max. ) 


Mn (%, 
Max. ) 


C (%, 

Max. ) 


Price ratio to 
unit weight of V 


Vanadium 1 
(Flake) 


99.8 


0.03 


0.002 


0 .01 


1 


Vanadium 2 
(Flake) 


99-5 


0-1 


0.01 


0.03 


0.71 


Vanadium 3 
(Flake) 


99-0 


0.5 


0.03 


0.05 


0.62 


Ferro- 
vanadium 1 


• 

70.00 


29.3 


0.2 


0.1 


0.32 


Ferro- 
vanadium 2 


40.0 


59,2 


0.3 


0.1 


0.25 



55 

Examination showed that both the ferrovanadiums \ and 2 have high degree of homogeneity. It was 
also found that the vapor pressure of these ferrovanadium when melted is about 1/2 or less that of single 
substance of V. suggesting that deviation of the product composition can be made smaller. 
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remarkable effect was attained with alloys having a ccmposition expressed by a general formula ABa - 
[where. A represents at least one selected from the group consisting of Zr, Ti, Hf, Ta. Y, Ca, Mg, La, Ce, 
Pr/ Mm, Nb, Nd, Mo. Al and SI and B represents one kind selected from the group consisting of: a single 
substance of Sn; and Sn and at least one selected from the group consisting of Fe, V. Ni. Cr. Mn, Co. Cu. 

5 Zn. Al. Si, Nb. Mo. W. Mg. Ca. Y, Ta, Pd. Ag. Au. Cd. In, Bi. La. Ce. Pr, Nd. Th. Sm and Mm (Mm 
represents a mixture of rare earth elements); a represents a value of 1 .5 to 2.5. and A and B are different 
elements], wherein the alloy phase substantially belongs to Lavas phase of intermetallic compound with a 
crystalline structure of hexagon-symmetrical CI4 type with crystalline lattice constants of a = 4.8 to 5,2 and 
c = 7.9 to 8.3 and/or cubic-symmetrical CIS type witii crystalline lattice constant of a = 6,.92 to 7.70. 

10 Further, regarding the cubic-symmetrical CIS type, alloys having crystalline lattice constant of 6.92 to 7.70 
particularly exhibited excellent characteristics. 

Thus, the method of the invention for producing a hydrogen-storing alloy from a zircalloy containing Zr 
and Sn as the starting material was confirmed to be simpler than known methods and to be able to provide 
much higher degree of homogeneity, as well as hydrogen storage, holding and transportation characteris- 

75 tics, as compared with alloys produced by conventional method which employed single substances of Fe 
and Zr as the starting materials. 

The present inventors compared and evaluated the alloys produced by the metiiod of the invention 
from the viewpoint of hydrogen storage/release capacity, in order to find the optimum composition, as in the 
case of the ferrozirconium alloy (Zr-Fe alloy) explained before. 

20 As a result, the inventors have found that the best results are obtained when the alloy composition falls 
within a range which is expressed by a general formula of ZraNi7M5, [where a. y and o represent atomic 
ratios of Zr, Ni and M, satisfying the conditions of a = 0.5 to 1.5, y = 0.4 to 2.5 and a 0.01 to 1.8. 7 + 5 = 
1.2 to 3.7. while M represents one selected from the group consisting of: a single substance of Sn; and Sn 
and at least one selected from the group consisting of Fe, V. Mg. Ca. Y, Hf, Nb, Ta. Cr, Mo. W. Mn, Co, Pd. 

25 Cu, Ag, Au. Zn. Cd, Al, Si. In. Bi, La. Ce. Mm. Pr. Nd. Th and Sm]. 

Alloys having the atomic ratio 5 smaller than 0.01 or greater than 1.8 showed somewhat small values of 
hydrogen release amounts. Alloys having atomic ratio asmaller than 0.5 showed somewhat inferior 
hydrogen storage capacity, while Alloys having atomic ratio a greater than 1 .5 showed comparatively small 
value of hydrogen release amount. Alloys having atomic ratio y smaller than 0.4 showed inferior durability 

30 against repetition of hydrogen storage/release cycles, while alloys having atomic ratio 7 greater than 2.5 
showed somewhat small value of hydrogen storage capacity. Alloys witii values {y + 5) smaller than 1.2 
and greater than 3.7 respectively showed rather inferior hydrogen release amounts and rather inferior 
hydrogen storage capacities. The reasons of these facts are shown below. The Zr content a is a factor 
which affects particularly the hydrogen storage capacity. The greater the Zr content, the greater the 

35 hydrogen storage capacity, Zr, however, forms a stable hydrogen compound and, therefore, exhibits a 
smaller hydrogen release rate and, hence, smaller hydrogen release amount. The Ni content is a factor 
which affects particularly tiie storage/release cycle (durability). The greater the ni content, the longer the 
life. A too large Ni content, however, tends to reduce hydrogen storage capacity. The content a of M relates 
specifically to the storage/release cycle and the discharge pressure. Both the storage/release cycle and the 

40 release pressure were improved by an increase in the M content, but the hydrogen storage capacity was 
reduced as a result of the increase in the M content. It was also confirmed that the use of Sn as an 
essential element provides higher meltability and homogeneity of alloys, as well as industrial and economi- 
cal advantages due to its low price. 

Hydrogen-storing negative electrodes of alkali storage battery were produced by the alloys of the 

45 invention. The alloys having a composition expressed by the above-mentioned general formula of ZraNi7M6 
showed specifically large electric storage capacity values. 
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In the conventional method for producing an alloy containing in and Fe. in particular alloy of ABa type 
alloy of Lavas phase, materials such as electrolytic iron, mond nickel and so forth are added to the 
expensive vanadium at predetermined ratio and the mixture thus obtained were directly melted to form the 
^ alloy. Thus, the conventional process is costly and requires a complicated production process, while posing 
^ problems such as toxicity of single substance of V and lack of uniformity of the product alloy structure. 
These problems, however, can be overcome by the use of ferrovanadiums of the ^ype shown in table 7. 

The production method of the invention which makes use of a ferrovanadium can be carried out by the 
same procedure as that of a known melting process which employs a high— frequency melting furnace of 
an arc furnace. Ti(Zr)-Ni type alloys, Fe-V ^/pe alloys and Ti(Zr)-V type alloys of Nos. 43 to 47 shown in 
Table 8 were dispensed at desired composition ratios and melted to form alloys. Each of these alloys 
exhibited higher degree of homogeneity than prior art alloys, without suffering any segregation. In addition, 
there was no substantial deviation of composition from aimed composition. Fluctuation between lots also 
was confirmed to be small. Hydrogen storing characteristics such as hydrogen storage capacity, reaction 
speed and flammability in the air were examined and shown in the same Table, it will be seen that these 
alloys showed large values of hydrogen storage capacities and excellent properties such as reaction speed. 
(Example 6) 

Alloys of compositions of Nos. 48 top 53 shown in Table 8 were prepared by the same process as 
Example 1. selecting, among ABa type alloys, alloys expressed by a general formula of ZraV^NivMo. 
[where a. j3. y and 5 represent atomic ratios of 2r, V. Ni and M satisfying the conditions of a = 0.5 to 1.5, ^ 
= 0.01 to 1.2, 7 = 0.4 to 2.5 and 5 = 0.01 to 1.8, /3 + 7 + 5 = 1.2 to 3.7, while m represents one 
selected from the group consisting of: a single substance of Fe; and Fe and at least one selected from the 
group consisting of Mg. Ca. Y, Hf, Nb, Ta, Cr. Mo, W, Mn, Co. Pd. Cu, Ag. Au. Zn. Cd. Al. Si. In. Sn, Bi. La. 
Ce, Mm. Pr. Nd. Th and Sm], using, as the starting materials, commercially available ferrovanadiums and 
other elements such as Zr. Ni. Ti. Hf. Ta. Y. Ca. Mg. La, Ce. Mm, Nb. Nd. Sm. Mo. AI. Si. V, Cr, Mn, Fe. 
Co. Cu. Zn. Si. Nb. Mo. W and Cd. 



Table 8 



Alloy 
No. 


Alloy Composition 


Amount of discharge 
after 10 cycles 

(mAh/g) 


43 


FeV 


177 


44 

■ 


TiFei.2Vo.8 


181 


45 


ZrVi.sFeo.s 


243 


46 


Tio.sZrO.5Vl.2Feo. 8 


218 


47 


FeVi.oMno.sCOo 5 


162 


48 


ZrVo.2Ni1.4Feo. 4 


202 


49 


ZrVo.3Ni1.3Feo. 2 


218 
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SO 








^^0. 6 Vo^gWli. 2^^60.7 


205 


D ^ 


z.rvo.4Wii.or eo.3^^no. 3 


219 


DO 


/.rvio.2WXi,3Ceo.iCoo.iFeo.2 ■ 


0 

200 




ij L \ Q , 2i^-i-l . 4^ '=0 . 4 


J.4J. 


55 


Ti Vo . 4Nii . oPeo . sMno , 3 


146 


56 


Zro.4Vo.3Ni1.oFeo. 5 


84 


57 


ZrV0.1Ni1.3Fe1. 9 


108 



More specifically, ferrovanadrums and other materials were weighed and mixed to provide the composi- 
tions shown in Table 8 and were directly melted in an argon-arc melting furnace to form alloys. Hydrogen 
storage capacities of these alloys were measured from ordinary P-C-T characteristics to obtain the results 
shov/n in Table 8. It will be seen that the storage capacities are greater than those of prior art alloys. Other 
characteristics such as reaction speed also were found to be excellent. 

Alloys produced by conventional production methods are also shown as Nos. 54 to 57 for the purpose 
of comparison. These alloys showed Inferior homogeneity and deviation of composrtion, and considerably 
smaller values of hydrogen storage capacity as shown in Table 9. though these comparison alloys, were of 
similar type to that of the alloys produced by the method of the invention. 

Thus, the method of the invention for producing a hydrogen-storing alloy from a ferrovanadium 
containing Fe and V as the starting material was confirmed to be simpler than prior art methods and to be 
able to provide much higher degree of homogeneity, as well as superior hydrogen storage, holding and 
transportation characteristics, as compared with alloys produced by conventional method which employed 
single substances of Fe and v as the starting materials. 

The present inventors compared and evaluated the alloys produced by the method of the invention 
from the viewpoint of hydrogen storage/release capacity, in order to find the optimum composition. 

As a result, the inventors have found that the best results are obtained when the alloy composition falls 
within a range which is expressed by a general fomnula of 2raV/9Ni7M5, [where a. fi, y and 5 represent 
atomic ratios of Zr, V. Ni and M. satisfying the conditions of a = 0.5 to 1.5 . i3 = 0.03 to 1.2. 7 = 0.4 to 2.5 
and 5 = 0.01 to 1.8, ^ +7 + 5 = 1,2 to 3.7, while M represents one selected from the group consisting of: 
a single, substance of Fe; and Fe and at least one selected from the group consisting of Mg, Ca, Y. Hf. Nb. 
Ta, Cr. Mo, W. Mn, Co, Pd. Cu, Ag. Au, 2n. Cd. 21, Si. In. Sn, Bi. La, Ce. Mm. Pr. Nd. Th and Sm']. ' 

. Alloys having the atomic ratio 0 smaller than 0.01 or greater than 1.2 showed rather small amount of 
release of hydrogen, though considerably large values of hydrogen storage capacity were observed. Alloys 
having the atomic ratio S smaller than 0.01 or greater than 1.8 showed somewhat small values of hydrogen 
release amounts. Alloys having atomic ratio a smaller than 0.5 showed somewhat inferior hydrogen storage 
capacity, while Alloys having atomic ratio a smaller than 0.5 showed somewhat inferior hydrogen storage 
capacity, while Alloys having atomic ratio a greater than 1 ,5 showed comparatively small value of hydrogen 
release amount. Alloys having atomic ratio 7 smaller than 0.4 showed inferior durability against repetition of 
hydrogen storage/release cycles, while alloys having atomic ratio 7 greater than 2.5 showed somewhat 
small value of hydrogen storage capacity. Alloys with values (/S + 7 + 6) smaller than 1.2 or greater than 
3.7 respectively showed rather inferior hydrogen release amounts and rather inferior hydrogen storage 
capacities. The reasons of these facts are shown below. The 2r content a and the V content ^ are factors 
which affect particularly the hydrogen storage capacity. The greater the 2r and V contents, the greater the 
hydrogen storage capacity. Zr and V. however, form stable hydrogen compounds and. therefore, exhibits a 
smaller hydrogen release rate and. hence, smaller hydrogen release amount. The Ni content is a factor 
which affects particularly the storage/release cycle (durability). The greater the Ni contents the longer the 
life. A too large Ni content, however, tends to reduce hydrogen storage capacity. The content 5 of M relates 
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specifically to the storage/release cycle and the release pressure. Both the storage/release cycle and the 
release pressure were improved by an increase In the M content, but the hydrogen storage capacity was 
reduced as a result of the increase in the M content. It was also confirmed that the use of Fe as an 
essential element provides higher meltabili^/ and homogenei^/ of alloys, as well as industrial and economi- 

5 cal advantages due to its low price. (Example 7) 

Alloys of compositions of shown in Table 9 were prepared by selecting, among ABa type alloys, alloys 
expressed by a general formula of ZroVi8Ni7M5, [where o. ff, y and 5 represent atomic ratios of Zr, V. Ni 
and M. satisfying the conditions of a = 0.5 to 1.5, ;3 = 0.01 to 1.2. 7 = 0.4 to 2.5 and 8 = 0.01 to 1.8, ^ + 
y + 5 =1.2 to 3.7. while M represents one selected from the group consisting of: a single substance of Fe; 

70 and Fe and at least one selected from the group consisting of Mg, Ca, Y, Hf. Nb. Ta. cr, Mo, W. fvin, Co. 
Pd. Cu. Ag, Au. Zn, Cd. Al. Si, In, Sn, Bi, La. Ce, Mm, Pr, Nd. Th and Sm], using, as the starting materials, 
commercially available fen-ovanadiums and other elements such as Zr. Ni, Ti. Hf, Ta, Y. Ca, Mg, La, Ce, 
Mm. Nb, Nd. Sm, Mo. A!. Si. V. Cr, Mn. Fe, Co. Cu. Zn, SI, Nb. Mo. V/ and Cd. 

As a result of analysis, it was found that the alloys Nos. 58 to 83 among the alloys shown in Table 9 

75 have main alloy phases of CI4 or C15 Lavas phase. These alloys showed almost no deviation of 
composition. Furthermore, these alloys showed greater values of hydrogen storage capacity than conven- 
tional alloys when evaluated through measurement of ordinary P-C-T characteristics with hydrogen gas. 
Characteristics such as reaction speed and equilibrium pressure hysteresis also were found to be superior. 
Alloys Nos. 64 to 68 are conventional alloys used as materials of hydrogen-storing electrodes. These 

20 alloys do not meet the requirements of the invention: namely, the alloys phases of these comparison 
sample alloys did not belong to Lavas phase of intermetallic compound with^a crystalline structure of 
hexagon-symmetrical Ci4 type with crystalline lattice constants of a = 4,8 to 5.2 A (Angstrom) and c = 7.9 
to 8.3 and.or cubic-symmetrical CI5 type with crystalline lattice constant of a = 8.92 to 7.70. More 
specifically, the alloy No. 64 had a too large atomic ratio of V. the alloy No. 65 had a too small atomic ratio 

25 of Zr, the alloy No. 66 had a too small atomic ratio of Ni and the alloy No. 67 had a too large atomic ratio of 
M. The alloy No. 68 had the same alloy composition as the alloy No. 58 but was prepared by a process 
which did not use fenrovanadium. 

Performance of these alloys, when . used as negative electrodes of alkali storage batteries, were 
evaluated through semi-battery test of the negative electrodes. The evaluation method and the results are 

30 shown in Fig. 1 , as well as in the following description. 

Each alloy produced by melting was pulverized Into particles of particle size below 300 meshes. 5 g of 
this particulated alloy was mixed with 0.5 g of polyethylene powder as the binder and 2 g of carbonyl nickel 
as a conducting agent. The mixture was sufficiently stirred and blended and was applied around a nickel 
mesh (wire diameter 0.2 mm. 16 mesh) which was used as a core conductor, and was then pressed into a 

35 tabular form. The alloy in the tabular form was heated at 120* C in a vacuum so as to melt and remove 
polyethylene, and then a lead was connected to the tabular alloy thus completing a hydrogen-storing alloy. 

In order to evaluate the performance of the alloy as the negative electrode of a secondary battery, 
sintered nickel plates used in commercially available nickei-cadmium battery were used as positive 
electrodes (opposite electrodes) and were combined with the hydrogen-storing alloy negative electrodes 

40 such that the amounts of the positive electrodes were excess of those of the negative electrodes in terms of 
electricity capacity. Batteries were formed with those pairs of electrodes, using non-woven poiyamide cloths 
as separators and using an electrolyte which was prepared by adding 20 g/l of lithium hydroxide to an 
aqueous solution of caustic potash having a specific gravity of 1.30. The batteries were subjected to 
repeated charging and discharging with constant electrical current at 20 *C. The amount of electricity 

45 charged was 500 mA x 5 hours, while discharge was conducted at 30 mA with a voltage below 0.8 V being 
cut 

Table 9 shows the discharge capacitances in the open systems as observed in 10th 
charging/discharging cycles, while Rg. 1 shows the charging/discharging cycle life characteristics. More 
specifically, in Rg. 1 , the axis of abscissa represents the number (») of the charging/discharging cycles. 

50 while axis of ordinate represents the discharging capacity per 1 g in the open system as observed in the 
batteries having negative electrodes made of alloys of the invention, together with the characteristics 
obtained with unacceptable alloys (Table 9). The numbers (Nos.) allocated to the batteries shown in Fig. 1 
correspond to the Nos. of alloys shown in Table 9. From the comparison between the alloy Nb. 58 and the 
alloy No. 68, as well as from the comparison between the alloys Nos. 58 to 63 and the alloys Nos. 64 to 67. 

55 it will be seen that the hydrogen-storing alloys of the present invention have greater values of discharge 
capacities, as well as superior durability (cycle life characteristics), as compared with conventional alloys. 
Superiority in quick charging/discharging characteristics also was confirmed. 
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Table 9 



Alloy 
No. 


Alloy Composition 


Amount o£ discharge 
after 10 cvcles fmAh/o^ 


o o 




346 




^rVo.3Nii,3Feo.2 


o f r* 

355 


o u 


•7*-- ^T7<« —XlC UfiiH 


344 


O X 




o r» 

328 


0^ 


ZrVo . 4Wll . Q^^O . 3^^no . 3 


*i 

358 

■ 


bo 


Z rVo . 2Nii , sCeo . iCoq . iFeo . 2 


^ ^ 

338 


64 






65 


Zro.4V0.3Nil.oFeo. 5 


144 


66 


ZrVo.5Nio.3Fei.o 


199 


67 


ZrV0.5Ni1.3Fe1. 9 


185 


68 


zrvo.2Nil.3Feo. 4 


298 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Many alloy compositions for hydrogen-storing electrodes are obtainable by the production . method of 
the invention in addition to those shown m Table 9. The alloy phases of those alloys substantially belonged 
to Lavas phase of intermetallic compound having a crystalline structure of hexagon-symmetrical CI4 type 
with crystalline lattice constants of a = 4.8 to 5.2 and c = 7.9 to 8.3 and/or cubic-symmetrical CIS type with 
crystalline lattice constant of a = 6.92 to 7.70. 

The inventors have found that the best results are obtained when the alloy composition falls within a 
range which is expressed by a general fonmula of ZraV^Ni^MS], where a. 7 and 5 represent atomic ratios 
of Zr. V, Ni and M satisfying the conditions of a = 0.5 to 1.5, /3 = 0.01 to 1.2, 7 = 0.4 to 2.5 and 5 = 0.01 
to 1.8, /3 + 7 + 5 = 1.2 to 3.7, while M represents one selected from the group consisting of: a single 
substance of Fe; and Fe and at least one selected from the group consisting of Mg, Ca, Y. Hf, Nb, Ta. Or, 
Md, W, Mn. Co, Pd. Cu, Ag, Au, Zn, Cd, Al. Si. In, Sn, Bi, La. Ce. Mm. Pr, Nd, Th and Sm]. 

Alloys having the atomic ratio 0 smaller than 0.01 or greater than 1.2 showed rather small amount of 
release of hydrogen, though considerably large values of hydrogen storage capacity were observed. Alloys 
having the atomic ratio 5 smaller than 0.01 or greater than 1 .8 showed somewhat small values of hydrogen 
release amounts. Alloys having atomic ratio a smaller than 0,5 showed somewhat inferior hydrogen storage 
capacity, while alloys having atomic ratio a greater than 1.5 showed comparatively small value of hydrogen 
release amount Alloys having atomic ratio 7 smaller than 0.4 showed inferior durability against repetition of 
hydrogen storage/release cycles, while alloys having atomic ratio 7 greater than 2.5 showed somewhat 
small value of hydrogen storage capacity. Alloys with values (/S + 7 + 3) smaller than 1,2 or greater than 
3.7 respectively showed rather inferior hydrogen release amounts and rather inferior hydrogen storage 
capacities. The reasons of these facts are shown below. The Zr content a and the V content ff are factors 
which affect particularly the hydrogen storage capacity. The greater the Zr and V contents, the greater the 
hydrogen storage capacity. Zr and V, however, form stable hydrogen compounds and, therefore, exhibits a 
smaller hydrogen release rate and, hence, smaller hydrogen release amount The Ni content is a factor 
which affects particularly the storage/release cycle (durability). The greater the Ni content, the longer the 
life. A too large Ni content, however, tends to reduce hydrogen storage capacity. The content 0 of M relates 
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scscifically to the storage/release cycle and the release pressure. Both the storage/release cycle and the 
release pressure were Improved by an increase in the M content, but the hydrogen storage capacity was 
reduced as a result of the increase In the M content. It was also confirmed that the use of Fe as an 
essential element provides higher meltability and homogeneity of alloys, as well as industrial and economi- 
cal advantages due to Its low price. 

The hydrogen-storing alloys, formed by using a ferrovanadium containing Fe and V as the starting 
material, exhibited very high degree of homogeneity, and hydrogen-storing electrodes making use of these 
alloys as the major component exhibit superior performance when used as negative electrodes of an alkali 
batteries, as compared with alloys formed by the conventional process which makes use of single 
substances of Fe and v as the starting materials. (Example 8) 

A U2 type cylindrical hemietic nickel-hydrogen secondary batteries were produced using the above- 
mentioned hydrogen-storing alloy electrodes and thus formed batteries were evaluated. As in the case of 
the single-electrode test mentioned before, the alloy was pulverized into particles of a particle size below 
3G0 meshes, and was mixed v/ith a binder such as polyvinyl alcohol, whereby a paste was formed. The 
paste was applied "to a punching metal plate plated with nickel and was then dried. The plate was then 
slitted into strips of 3.9 cm wide and 26 cm long, and lead plates were spot-welded to predetermined 
portions on the strip thus forming hydrogen-storing alloys. Known foamed nickel electrodes, in the form of 
strips of 3.9 cm wide and 22 cm long, were used as the opposing electrodes. A polyamide non-woven cloth 
was used as separators, together with an electrolyte which was formed by adding 20g/l of lithium 
hydroxide to an aqueous solution of caustic potash having a specific gravity of 1 .20. The nominal capacity 
was 3.0 Ah. 

Tne evaluation was conducted by subjecting these batteries to charging/discharging cycles repeated at 
20 ' C. The charging was conducted for 15 hours at 0.1 C (10 -hour charging rate), while the discharging was 
conducted at 0.2C (5-hour discharge rate) until the voltage is reduced to the final voltage of 0.9V. The 
results of this test are shown in Fig. 2. The Nos. of the batteries appearing in Rg. 2 con-espond to the Nos. 
of alloys shown in Table 2. The batteries incorporating electrodes made of the hydrogen-storing alloys of 
the invention maintained discharge capacities of about 3.0 to 3.2 Ah and did not show any degradation in 
the performance even after 500 charging/discharging cycles. Industrial Applicability: 

The alloys produced by the method of the present invention; as well as electrodes made from such 
alloys, exhibit high degrees of homogeneity and reduced fluctuation in quality between lots. -thus offering 
high stability of quality and high reliability. In addition, the price of the alloy Is low by virtue of low rnaterial 
cost and simplified production process. Consequently, the present invention provides alloys which are 
superior in various characteristics such as hydrogen storage/release characteristics and cycle life, as well as 
oxidation resistance. Thus, the alloys produced by the method of the present invention find various 
industrial uses such as storage, holding and transportation of hydrogen, elements of a heat pump, elements 
of alkali batteries (nickel-hydrogen battery) and so forth, thus offering great industrial advantages. 



Claims 

1. A method of producing a hydrogen-storing alloy, characterized by using, as a starting material, at least 
a ferrozirconium (Zr-Fe alloy). 

« • 

2. A method of producing a hydrogen-storing alloy, characterized by using, as a starting material, at least 
a ferrozirconium (Zr-Fe alloy), wherein said hydrogen-storing alloy is an alloy expressed by a general 
formula of ABo [where. A represents at least one selected from the group consisting of Zr. Ti. Hf, Ta. Y, 
Ca, Mg. La. Ce. Pr, Mm. Nb, Nd, Mo, Al and Si and B represents one selected from the group 
consisting of. a single substance of fe; and fe and al least one selected from the group consisting of V. 
Ni. Cr. Mn. Co. Cu. Zn. Al. Si, Nb. Mo. W, Mg, Ca. Y. Ta. Pd, Ag. Au. Cd. In. Sn. Bl. La. Ce. Pr, Nd. Th, 
Sm and Mm (Mm represents a mixture of rare earth elements); a represents a value of from 1.5 to 2.5. 
and A and b are different elements], wherein the alloy phase substantially belongs to Lavas phase of 
intermetallic compound with a crystalline structure of hexagon-symmetrical CI4 type having crystalline 
lattice constants of a = 4.8 to 5.2 and c - 7.9 to 8.3 and/or cubic-symmetrical CIS type having 
crystalline lattice constant of a = 6.92 to 7.70. 

3. A method of producing a hydrogen-storing alloy according to Claim 1. wherein said alloy or its 
hydrogenated product contains, as the component A. at least 30 atom % of Zr. 
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4. A method of producing a hydrogen-storing alloy according to one of Claims 1. 2 and 3. wherein said 
alloy or rts hydrcgenated product is expressed by a general formula of ZraNiyMS. [where « y 3 
represent atomic ratios of Zr. Ni and M. satisfying the conditions of a = 0.5 to 1 .5. 7 = 0.4 to 2.5 and 3 
= 0.01 to 1 .8. 7 + 5 = 1 .2 to 3.7. while M represents one selected from the group consisting of- a 
single substance of Fe; and Fe and at least one selected from the group consisting of V Mg Ca Y Hf 
Mb. Ta. Cr. Mo. W. Mn. Co. Pd. Cu. Ag. Au. Zn. Cd. A.. Si. In. Sn. Bi, La. Ce. Mm. Pr. Nd. Th'and Sm]. ' 

5. An electrode made of a hydrogen-stoting alloy produced by utilizing at least a ferrozirconium (2r-Fe 
alloy) as a starting material. ^ 

6. A method of producing a hydrogen-storing alloy, characterized by using, as a starting material, at least 
a zircalloy (Zr-Sn alloy). a . « "^aoi 

7. A method of producing a hydrogen-storing alloy, characterized by using, as a starting material; at least 
a zircalloy (Zr-Sn alloy), wherein said hydrogen-storing alloy is an alloy expressed by a general formula 
ABa [where. A represents at least one selected from the group consisting of Zr. Ti. Hf. Ta. Y Ca Mg 
La. Ce. Pr. Mn, Nb. Nd. Mo. Al and Si, and B represents one kind selected from the group consisting 
of: a single substance of Sn; and Sn and at least one selected from the group consisting of Fe V Ni 
Or Mn, Co. Cu. Zn. Al, Si. Nb, Mo, W. Mg. Ca. Y. Ta. Pd. Ag. Au. Cd. In. Bi. La. Ce. Pr. Nd. Th Sm" 
and Mm (Mm represents a mixture of rare earth elements); o represents a value of from 1.5 to 2 5 and 
A and B are different elements], wherein the alloy phase substantially belongs to Lavas phase of 
intermetalhc compound with a crystalline structure of hexagon-symmetrical CI4 type having crystalline 
lattice constants of a = 4.8 to 5.2 and c = 7.9 to 8.3 and/or cubic-symmetrical CIS type having 
crystalline lattice constant of a = 6.92 to 7.70. 

8. A method of producing a hydrogen-storing alloy according to Claim 7. wherein said alloy or its 
hydrogenated product contains, as the component A. at least 30 atom % of Zr. 

3. A method of producing a hydrogen-storing alloy according to one of Claims 6. 7 and 8. wherein said 
alloy or its hydrogenated product is expressed by a general formula of ZraNi7MS. [where a 7 and « 
represent atomic ratios of Zr. Ni and M satisfying the conditions of « = 0.5 to 1.5. 7 = 0.4 to 2.5 and S 
= 0.01 to 1 .8. 7 + 5 =1 .2 to 3.7. while M represents one selected from the group consisting of- a 
single substance of Sn; and Sn and at least one selected from the group consisting of Fe V Mg Ca Y 
Hf. Nb. Ta. Cr. Mo. W, Mn. Co. Pd. Cu, Ag. Au. Zn. Cd. Al. Si. In. Bi. U. Ce. Mm, Pr. Nd. Th and Sm"]. " 

10. An electrode made of a hydrogen-storing alloy produced by utilizing at least a zircalloy (Zr-Sn allov) as 
a starting material. 

11. A method of producing a hydrogen-storing alloy, characterized by using, as a starting material at least 
a fen-ovanadium (V-Fe alloy). 

12. A method of producing a hydrogen-storing alloy according to claim 1 1 , characterized by using, as a 
• starting material, at least a ferrovanadium (V-Fe alloy), wherein said hydrogen-storing alloy is an alloy 

expressed by a general formula of ABa or a hyrogenation product thereof [where. A represents at least 
one selected from the group consisting of Zr. Ti. Hf, Ta. Y. Ca. Mg. La. Ce. Pr. Mn. Nb. Nd. Mo. Al and 
Si and b represents one selected from the group consisting of: V and Fe; and V. Fe and the balance 
substantially at least one selected from the group consisting of Ni, cr. Mn. Co, Cu, Zn, Al. Si, Nb. Mo, 
W. Mg. Ca. Y. Ta. Pd. Ag, Au, Cd, In, Sn, Bi, La, Ce. Mm. Pr. Nd. Th and Sm (Mm represents a mixture 
of rare earth elements; o represents a value of from 1 .5 to 2.5; and A and B are different elements], 
wherein the alloy phase substantially belongs to Lavas phase of intermetallic compound with a 
crystalline structure of hexagon-symmetrical CI4 type having crystalline lattice constants of a = 4.8 to 
5.2 and c = 7.9 to 8.3 and/or cubic-symmetrical CIS type having crystalline lattice constant of a = 6 92 
to 7.70. 

13. A method of producing a hydrogen-storing alloy according to Claim 12, wherein said ferrovanadium (V- 
Fe alloy) contains at least 50 atoms % V. 

14. A method of producing a hydrogen-storing alloy according to Claim 12, wherein said alloy or its 
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hydrogenated product contains, as the component A, at least 30 atomic % Zr. 

15. A method of producing a hydrogen-storing alloy according to one of Claims 11, 12, 13 and 14. wherein 
said alloy or its hydrogenated product is expressed by a general formula of ZraV^Ni-yM5. where a» ^, y 
and 5 represent atomic ratios of Zr, V, Ni and M satisfying the conditions of a = 0.5 to 1 .5. ^ = 0.01 to 
1,2. 7 = 0.4 to 2.5 and 5 = 0.01 to 1.8. /3 + 7 + 5 = 1.2 to 3.7. while M represents one selected from 
the group consisting of: a single substance of Fe; and Fe and at least one selected from the group 
consisting of Mg. Ca. Y. Hf. Nb. Ta. Cr. Mo. W, Mn. Co. Pd. Cu, Ag. Au. Zn, Cd. Al. Si. In. Sn. Bi. U. 
Ce. Mm. Pr. Nd, Th and Sm]. 

16. An electrode made of a hydrogen-storing alloy produced by utilizing at least a fen-ovanadlum (V-Fe 
alloy) as a starting material. 



75 



20 



25 



30 



35 



40 



45 



SO 



55 



19 



EP 0 413 029 A1 



FIG. I 
I 

500 — 




O 100 200 300 400 500 



NUMBER OF CHARGING/DISCHARGING CYCLE (oo) 



?.o 



« • » 



EP0 413 029 A1 



F I G. 2 



3.5 



I 

O 
liJ 

or 
< 

X 

o 





1 

BAT 

-A— 

o— — o— 


TERYISS) 
\ ^ . 

_o 


1 

BAT 

o ' 


i 

rERY(62) 

—A ^ 

O ( 




— H— H ! 


i M 


rH 

BATTERY 


« > 

;63) 























100 



200 300 400 500 



NUMBER OF CHARGING/DISCHARGING CYCLE (c») 



SI 



INTERNATIONAL SEARCH REPORT 

Internetionst AppUcAtfon No PCT/JP89/01319 



I. CLASSinCATlOW F SUBJECT MATTER (H aaverat cla««<fleatlon «YmboU apply. Indlcaf tfl) * 
According to International Patent Clasaiflcatlon (IPC) or to both National Claitificatfon and IPC 

Int, Cl^ C22C1/02, H01M4/38 



U. FIELOS SEARCHgP 

Minimum Documentation Searched * 
CUssiflcatlon System { Claaalflcailon Symbole 



IPC C22C1/02, H01M4/38 



DocumentaUon Searched other than Minimum Documentation 
to the Eilant that auch Documents aro Included In th« fields Searched * 



m. DOCUMENTS CONSIDCftED TO BE RELEVANT * 



Category • \ Citation of Document. " with Indication, where appropriate, of the relevant pateapea " | Relevant to Claim No, " 



I 



X 



JP, A, 55-122838 (S.A.E.S. Getters S.v.A.) , 

20 September 1980 (20. 09* 80) 

& IT, A, 1,110,109 & FR, Bl, 2,447,975 



JP, A, 62-294143 
21 December 1987 
(Family: none) 



(Mazda Motor Corporation) , 
(21. 12. 87) , 



JP, A, 53-85717 (Ugine Aciers) , 
28 July 1978 (28. 07. 78), 
(Family: none) 



1-16 



1-16 



1 - 16 



* special cafegodea o( cited docum«nto: 

"A* -document defining th« o«nefal atata of th« art which Is not 
conaider«d to bo of particular rstevance 

-£** eadier document but publiahad on or after the tniematlonal 
fldng date 

-L" document which may throw doubts on priority cfalm(9) or 
wnich U cited- to esiabllah the eHJt>{k:atk>n date of another 
cilaUon Of other special reason (as specified) 

~0" document ref erring lo an oral diacloaura. uae. exhibition or 
ottier meana 

"P^ document putHlahed prior to the Intamatlanal filing date but 
later than the prtority date cfalmed 



^T* later document pubilatwd after the International flUng dele or 
priority date and not in conflict with the eoo^catton twt cKed to 
underttand the prtnclo*e or theory uodertying the invention 

"X" document of cartlcuiar reievatKe: the claimed Invention cannct 
be considered novel or cannot be conatdered to invotve an 
Inventive atep 

-Y* document of particuUr relevance: the ctilmed Inventfoo canr>ot 
be considered to InvcWe an inventive step when the document 
it comt»ned with one or more otner auch documenta. eucfi 
comotnattoo being oOvkMis (o a person eiiiUed In the art 

-1" documeni member of the same patent fanWty 



IV. CtRTIFICATION 



Date of the Actual Completion of the International Search 

March 19, 1990 (19- 03. 90) 



Date oi MalUng of this tntemaUonal Search Report 

April 2, 1990 (02. 04. 90) 



International S««rching Authority 

Japanese Patent Office 

Perm PCT/ISA/210 (second sheet) ( Janoary |935) 



Signature of Authorized Offlcer 



